Objective: To create a method for assessing physician performance and care outcomes that are adjusted for procedure acuity and patient comorbidity.
vs 10.5 (7.0) days for HAPs. Negative performance factors were significantly higher for patients who underwent HAPs and had comorbid conditions. Differences among surgeons significantly affect the incidence of negative performance indicators. Factors affecting performance measures were procedure acuity, the surgeon, and comorbidity, in order of decreasing significance. Surgeons were ranked low, middle, and high based on negative performance indicators.
Conclusions:
Performance measures following oncologic procedures were significantly affected by comorbid conditions and by procedure acuity. Although the latter most strongly affects quality and performance indicators, both should weigh heavily in physician comparisons. The incidence of negative performance indicators was also influenced by the individual surgeon. These data may serve as a tool to evaluate and improve physician performance and outcomes and to develop riskadjusted benchmarks. Ultimately, reimbursement may be tied to quantifiable measures of physician and institutional performance.
Arch Otolaryngol Head Neck Surg. 2010; 136(12) : [1212] [1213] [1214] [1215] [1216] [1217] [1218] I N BOTH THE PUBLIC AND PRIVATE sector, health care reform is a national priority. Health care costs continue to increase at a rate greater than the consumer price index, and national health care expenditures now account for 7.5% of the gross domestic product (GDP). Between 2009 and 2018, average annual health spending growth (6.1%) is projected to outpace average annual growth in the overall economy (4.4 %), and by 2019, national health spending is expected to reach $4.5 trillion and comprise 19.3% of GDP.
1 By 2050, it is projected that at the current rate of increase, national health care expenditures could exceed the GDP. Obviously, that scenario is untenable and would threaten our economic viability. The strategies for containing the rising costs of health care include reimbursements tied to quality outcomes (as opposed to patient or procedure volume), comparative effectiveness, and directing patients with complex or rare diseases to high-volume regional centers. The emphasis is shifting from episodic care and quantity of care to disease management and quality of care. Waste in our health care delivery system revolves around care administered without proven benefit, errors of omission and commission, and inefficient use or overuse of resources. 2 Improving the quality and efficiency of care and minimizing medical errors have the potential to substantially reduce health care costs.
In the treatment of head and neck cancer, surgery remains an important technique for disease management. Outcome data followingsurgicalinterventionforpatientswith head and neck cancer will be increasingly important as benchmarks of surgical care quality and will be used for comparing the performance of individual surgeons within and across institutions. Nevertheless, outcomes of surgery have received little attention from the standpoint of improving performance.
A performance indicator is an agreed-on and quantifiable measurement that reflects the critical success factors of a surgical intervention. Surgical performance indicators may be generic or specialty specific. Examples are length of stay (LOS), blood product utilization, 30-day surgical site infection, mortality, readmission, and return to the operating room for an untoward event such as wound dehiscence, hematoma, and/or infection. The National Surgical Quality Improvement Project (NSQIP), sponsored by the American College of Surgeons, is currently examining many of these outcome measures for general surgical procedures and some subspecialty procedures. To our knowledge, no studies have focused on surgical performance measures for patients undergoing complex head and neck surgical procedures.
To assess our departmental and individual performance we collected and analyzed our surgical outcome data. Knowing that an individual surgeon's practice will vary by patient comorbidity and procedure acuity, we adjusted the analysis to account for these confounders. Our objectives were (1) to develop benchmarks to compare the performance of individual surgeons; (2) to identify best practices that could be shared among the group; and (3) to develop a monitoring tool to identify trends requiring intervention to improve quality of care.
METHODS
Between 2004 and 2008, outcome data were collected for surgical procedures performed by the faculty in the Department of Head and Neck Surgery at the University of Texas MD Anderson Cancer Center. The data set included patient demographics, diagnoses, procedures (including whether reconstruction was performed), and patient comorbidity. Outcome measures were LOS for selected head and neck surgical procedures, blood product utilization, return to the operating room within 7 days of surgery, and the following variables within 30 days of surgery: mortality, hospital readmission, and surgical site infections. Data sources included the institutional enterprise information warehouse (EIW), which contains the surgical indexing database; patient account tables; and the tumor registry. Information on the surgery date, case number, Current Procedural Terminology codes, and surgeon were obtained from the surgical indexing database. The inpatient encounter, admission, and discharge dates and International Classification of Diseases, Ninth Revision, diagnosis codes were obtained from the patient account tables. Vital status and date of death were obtained from the tumor registry. Other databases within the institution, such as those maintained by the Department of Anesthesiology, were accessed when appropriate.
To risk adjust for comorbid conditions and procedure acuity, we collected the diagnoses recorded in the patient's medical record. These included diabetes, cardiovascular disease, history of congestive heart failure, chronic obstructive pulmonary disease, liver disease, and renal disease. Comorbid conditions were examined singly and in groups of 2 or more and were used to adjust for risk.
The surgical procedures selected were stratified into high and low acuity. High-acuity procedures (HAPs) were those requiring mandibulectomy, pharyngolaryngectomy, and major glossectomy. All of the HAPs required either pedicled flap or microvascular free-tissue transfer reconstruction. Since most reconstructions are performed by a plastic surgeon, flap failures were not considered negative indicators. The low-acuity procedures (LAPs) included laryngoscopy, neck dissection and/or glossectomy, parotidectomy, and thyroidectomy with or without neck dissection. Figure 1 illustrates the number of HAPs and LAPs performed over the 5-year period.
Performance indicators for LAPs and HAPs were the same, with 2 exceptions: For low-acuity procedures, the expected LOS was 2 or more days, and transfusion involved 0 to 1 U of packed red blood cells, whereas for the HAPs, the expected LOS was 11 days, and transfusions involved 0 to 2 U or more than 2 U of packed red blood cells. When LOS or transfusions exceeded the defined cutoff points, they were considered negative performance indicators, as were return to the operating room, readmission, infections, and mortality.
It may appear liberal to use a transfusion cutoff of 0 to 1 U of packed red blood cells for low-acuity procedures, which include direct laryngoscopy, parotidectomy, and thyroidectomy. However, this cutoff was determined by assessing the 75th percentile of the incidence of blood transfusion: the 75th percentile is the standard cutoff for evaluating adverse events. In addition, although infections and blood transfusions are extremely rare with direct laryngoscopy, this procedure was not excluded from analysis of low-acuity procedures because this cohort of patients is important in regard to associated comorbidities. Many patients undergoing very-low-acuity procedures have comorbidities, making it incumbent on the surgeon to ensure that medical preparation is appropriate and adequate.
Descriptive statistics for scaled values and frequencies of study patients within the categories for each of the parameters of interest were enumerated with the assistance of commercial statistical software. Cutoff points for defining negative indicators for scaled parameters for LAPs and HAPs were set at the 75th percentile. Correlations between variables were assessed by Pearson 2 or, where there were fewer than 10 subjects in any cell of a 2ϫ2 grid, by the 2-tailed Fisher exact test. These statistical tests were performed with the assistance of the Statistica (StatSoft Inc, Tulsa, Oklahoma) and (SPSS for Windows, version 17; SPSS Inc, Chicago, Illinois) statistical software applications.
The influence of surgical acuity on the outcome measures was first assessed to determine its impact on performance and quality outcomes. Then, the impact of comorbid conditions on the outcome measures listed for both HAPs and LAPs was evaluated. Finally, the influence of the individual surgeons was added to the model to estimate its impact on performance outcome. 
RESULTS
Over the 5-year study period, 2618 patients were included in the analysis. A total of 2234 patients underwent LAPs, while the remainder underwent high-acuity resections with reconstruction ( Figure 1 ). Low-acuity procedures included direct laryngoscopy and neck dissection, which accounted for 19.7% and 39.1% of all LAPs, respectively. Table 1 lists the incidence of negative performance indicators according to procedure acuity. For low-acuity procedures, the transfusion rate was 2.7% compared with 40.6% for patients with high-acuity operations. The overall wound infection rate for low-vs high-acuity surgery was 1.2% vs 14.1%. Overall, the 30-day mortality rate was low at 0.3% and 1.6% for LAPs and HAPs, respectively. The mean (SD) hospital stay for LAPs was 2.1 (3.6) days vs 10.5 (7.0) days for HAPs. The incidence of all the negative performance factors tested was statistically significantly higher in patients who underwent HAPs. Because of the differences in LOS and blood usage between LAPs and HAPs, the values for negative performance for each type of procedure were adjusted to the 75th percentile for use in further analysis. For LOS, the values were 2 or more days and 11 or more days for LAPs and HAPs, respectively. For blood usage, the values were 1 U or more and 2 U or more for LAPs and HAPs, respectively.
Possible associations of preexisting comorbid conditions with negative surgical performance measures were analyzed ( Table 2 ). There was a significantly higher incidence of at least some negative indicators among patients with each of the comorbid conditions examined, but the effects of diabetes and liver disease appeared to affect fewer indicators than the others. This may have been influenced by their relatively low incidences. The presence of any comorbid condition was significantly correlated with higher levels of each of the negative indicators, having at least 1 negative indicator, and having 2 or more negative indicators.
Furthermore, patients who underwent HAPs also had higher rates of comorbid conditions. Table 3 demonstrates the relationship between incidences of patients' comorbid conditions stratified by procedure acuity. With the exception of diabetes and liver disease there was a significantly higher incidence of comorbid conditions in the patients who underwent HAPs. In order to examine the association of comorbid conditions with negative performance indicators, it was necessary to stratify by the acuity of the surgical procedure. Table 4 summarizes the significant correlations between having 1 or more comorbid condition and 1 or more or 2 or more negative indicators for both the low-acuity and high-acuity surgery patients. There were also significant correlations between having 2 comorbid conditions and 1 or more negative indicators among the LAP patients and having 1 or more and 2 or more negative indicators among the HAP patients, The correlation with negative performance indicators that was encountered among patients with 2 or more comorbid conditions appeared more pronounced for patients who underwent HAPs.
To compare physician performance as measured by negative indicators, we examined the percentages of HAPs vs LAPs performed by the individual surgeons and the incidences of patients with comorbid conditions on whom they performed those procedures. The activity of the 10 surgeons included in this study with regard to numbers of total cases, stratified by high and low acuity, and the percentage of cases that were HAPs were enumerated for each individual surgeon. The 25th and 75th percentile values were calculated to divide the surgeons into 3 groups based on the percentages of their patients who underwent HAPs. The upper 25th percentile group had significantly higher proportions of high-acuity cases than either the lower 75th percentile group or the middle group ( Table 5) . The lower 75th percentile group had a significantly lower proportion of high-acuity cases than the middle group as well.
Similarly, to determine whether there was variability among the surgeons in the proportions of their patients who had coexisting comorbid conditions, we noted the proportion of cases with at least 1 comorbid condition prior to surgery for each of the surgeons and calculated the upper 25th and lower 75th percentiles. There was significant variation between the groups, notably between the upper 25th and lower 75th percentile groups, and between the middle group and the lower 75th percentile group (Table 6) .
To assess whether there was variability among the surgeons in the proportions of their cases with negative performance indicators, we enumerated the percentage of cases that had 2 or more negative indicators for each surgeon. The lowest 25th (fewest negative indicators) and highest 25th percentiles were then calculated. The lowest 25th percentile group had statistically significantly lower proportions of patients who had 2 or more negative performance indicators than either the highest 25th percentile group or the middle group ( Table 7) . The highest 25th percentile group had a significantly lower proportion of cases with negative indicators than the middle group as well.
The incidences of negative performance indicators were correlated with the acuity of the surgical procedures performed, the patient's comorbidity, and the performance of the surgeon (Figure 2) . Procedure acuity had the greatest impact, followed by the individual surgeon, and then by comorbidity. There is considerable overlap in the confidence limits of the risk estimates between procedure acuity and physician as they relate to the presence or absence of 2 or more negative indicators and, to a lesser degree, between physician and comorbid conditions. Where each of the surgeons included in the study fell in the 2-dimensional matrices showing percentages of patients with at least 1 comorbid condition and percentages of patients with 2 or more negative performance indicators is shown in Figure 3 . The position of each surgeon in the 3-dimensional matrix showing percentages of patients who underwent HAPs, had at least 1 comorbid condition, and had 2 or more negative performance indicators is shown in Figure 4 .
COMMENT
With ongoing health care reform in the United States, emphasis will be placed on access to care, controlling costs, and tying reimbursement to the quality of care and outcomes. High-performing practitioners and institutions may benefit in this environment through regionalization of cancer care to improve outcomes. Regionalization is defined as the delivery of care at a limited number of selected provider sites. In that environment, patients and payers will seek physicians and institutional health care providers who have demonstrated superior performance as measured by more efficient resource utilization and superior outcomes, including better local-regional tumor control and survival. For major oncologic procedures, such as esophagectomy, pancreatectomy, and colectomy, high-volume centers have demonstrated superior outcomes with respect to LOS and perioperative mortality. 3, 4 Long et al 5 demonstrated lower perioperative mortality and LOS for patients undergoing craniotomy in high-volume vs lowvolume institutions. In their study, the authors noted that costs are higher when care is provided in high-volume centers, which is offset by improved outcomes. Striking benefits of regionalization were found by Gordon et al, 6 who examined outcomes following pancreaticoduodenectomies performed across the region and compared these with outcomes at 1 high-volume tertiary academic center that performed over 50% of the procedures in the region. Mortality rate, mean LOS, and intensive care unit LOS were lower in the regional center than in the nonregional centers. Total charges were all statistically significantly lower in the regional high-volume center than in the other community hospitals. In general, improvement in outcomes following complex surgical procedures can be expected in high-volume centers.
As a by-product of regionalization, greater resource utilization and cost of care may result from treating patients with higher disease acuity and comorbid conditions at centers with high volumes and demonstrably higher quality of care. Institutions will place greater emphasis on efficiency and performance to reduce financial risk and to remain viable. Reimbursement may be tied to risk-adjusted outcomes, thereby creating incentives to increase efficiency and prospectively manage comorbidity. Treating physicians will likely be profiled and ranked according to their resource utilization and performance. It will be incumbent on physicians to provide care efficiently and to prospectively manage comorbid conditions that will have a direct effect on performance measures. 7 Providing physicians with risk-adjusted data on individual performance and peer comparisons will likely impact physician practices.
The model we have developed may be used as a tool for changing practice behavior, identifying best practices, and recognizing adverse trends that require an indepth cause analysis. For example, scrutinizing management practices that adversely affect outcomes could require modification of technique or antibiotic wound prophylaxis, depending on the outcome measure in need of improvement. If an upward trend in perioperative wound infections was noted among 1 or more physicians in the cohort, an in-depth analysis of the cause might identify etiologic factors requiring remediation. 8 Within head and neck surgical oncology practices, a clinical tool, such as a care pathway, can be incorporated into perioperative management of patients to improve efficiency and quality of care. Care pathways are algorithms designed to achieve realistic goals for clinical progress through coordination of a multidisciplinary management team that simultaneously seeks to maximize efficient use of hospital resources and maintain accepted standards of care. 9 Pathways incorporate the highest level of evidence available or best practices for a particular intervention in the perioperative management of patients. The care pathway paradigm can help to standardize decision making and introduce uniformity in resource utilization. Analogous to the high-acuity patients in this study, Husbands et al 9 demonstrated that care pathway implementation reduced LOS for patients requiring complex head and neck reconstruction from a mean of 13 days to 8 days. Gendron et al 10 found a significantly decreased incidence of postoperative nosocomial pneumonia following major head and neck cancer among patients who were managed on a clinical pathway vs those who received routine postoperative management. Decreased pulmonary complications seen in patients on the clinical pathway was believed to result from the mandatory daily interventions that were part of the postoperative physician order sets. These automatically began aggressive pulmonary toilet, ambulation, and respiratory therapy intervention at prescribed times during the postoperative period. Pathways are commonly used in current surgical practices to ensure consistency of care and interventions designed to achieve milestones that permit hospital discharge on a targeted date.
Owing to the variability in case mix and comorbidity particular to each surgeon's practice, it was necessary to adjust for these factors to isolate the impact of an individual surgeon on performance measures. Adjustment is particularly necessary for HAPs, since these patients tend to have higher rates of comorbid conditions. As summarized in Table 3 , the influence of specific comorbidities was also addressed. Although cardiovascular disease, previous heart failure, and chronic obstructive pulmonary disease were the only comorbidities found to have significant differences between lowand high-acuity cases, this finding may be confounded by the low incidences of renal and liver diseases. As our data demonstrate, there was a 78% incidence of 2 or more negative performance measures encountered for patients undergoing HAPs who had multiple comorbid conditions. In contrast, 2 or more negative performance measures were less likely to occur as an outcome among patients undergoing low-acuity procedures, regardless of their comorbidity. For the LAP patients with 2 or more comorbid conditions, the likelihood of encountering 2 or more negative performance indicators was 8.2%, or approximately 9 times less than for HAPs. Risk adjustment is therefore critical for comparing surgical outcomes given the heterogeneity of the patients' medical conditions and procedure acuity.
It should be noted that most of our reconstructions were performed by a second surgeon, which means that more than 1 surgeon was involved in the care of most patients undergoing HAPs. Although the head and neck surgeon manages all perioperative care, we excluded flap failure as a negative indicator. Future studies, however, will take into account all team cases and all resultant complications.
Through this methodology, we were able to divide surgeons' performance for HAPs into 3 groups adjusted for comorbidity and to identify those with the most favorable performance profile. These data are useful for allowing each surgeon to assess individual outcomes in relation to those of his or her peers. These data are provided to the faculty surgeons on a semiannual basis, with cumulative data added and analyzed over time. The longerterm analysis is especially useful for determining positive and negative trends over time.
A future planned extension of this work is to perform a concordance analysis of a faculty head and neck surgeon's performance whose practice is based at an affiliated institution. Using the same criteria for procedure acuity and risk adjustment should permit a comparison of outcomes between surgeons practicing in 2 affiliated institutions. Relative to our current data, when we adjusted for comorbidi- In both panels, the lower right corner would have the surgeons whose patients had the lowest incidence of 2 or more negative indicators and the highest incidence of comorbidity, while the upper left corner would contain the surgeons whose patients had both the highest incidence of negative indicators and the lowest proportion with comorbid conditions. ties and surgical acuity, surgeon volume did not have significance. This is likely confounded by our status as a highvolumeinstitution,andcomparisontoalower-volumecenter would be necessary to appropriately address whether surgeons with higher volumes have better outcomes.
In the future, as care is increasingly more regionalized, reporting intrainstitutional and interinstitutional provider outcomes will likely be mandatory, thereby permitting patients to seek care based on objective outcomes measures. [11] [12] [13] [14] Developing and reporting these data sets will require robust prospectively acquired data and consistent methodology for analysis and reporting. Governmental agencies, such as the Agency for Healthcare Research and Quality and the Center for Medicare and Medicaid Services, and nongovernmental organizations, such as the National Quality Forum and the NSQIP, will provide the impetus and development funding for this effort. [15] [16] [17] Within the context of payment reform for health care services, these data will be critical as national benchmarks are established and achieving outcomes that meet or exceed these targets will be directly tied to reimbursement (pay for performance). 18, 19 The concept of bundled payments for cancer care that cover a range of services related to a defined cancer diagnosis is also being seriously considered. Bundled payments will be paid for all of the care delivered to a patient with cancer for a particular diagnosis over a defined interval. How these payments will be divided among the involved health care providers and treating institutions is unclear. Analogous to Medicare payments based on the admitting diagnosis and diagnosis-related group, bundled payments will place the onus on hospitals and health care providers to manage their costs of care by increasing efficiency, performance, and quality.
CONCLUSION
In evaluating physician performance comparing the relative incidence of negative surgical quality and performance indicators, other factors that affect outcomes must be included. Two important factors are procedure acuity and the patient's comorbid conditions. Although both factors have significant effects, the acuity of the procedure is the strongest determinant of the incidence of negative quality and performance indicators and should be heavily weighted in physician comparisons. These data may serve as a tool to evaluate physician performance and to positively impact outcomes through identifying best practices and providing data to individual surgeons who, through self-improvement, may positively affect their patients' outcomes. In the future, regionalization of complex care will likely direct patients who need resourceintensive therapy to centers that have objective data demonstrating that the health care providers and the institution meet national benchmarks for performance and quality. Finally, reimbursement may eventually be tied to quantifiable measures of physician and institutional performance. Author Contributions: Drs Weber, Hanna, and Lai and Mr Eastman had full access to all the data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis. 
